1" #%$e3eB@894; <4?6?TB@ DATA REPRODUCI NG APPARATUS AND METHOD BACKGROUND
OF THE | NVENTION 24 April 2003 The present invention relates to a data

reprod%ﬂ“Mﬂmmmﬂmmﬂwus and nethod handling a nmagneto-optical recordin

medi um /vt magnetic three-layer filmconsisting at | @4gwrip?0

di spl acenentodoryer, a switching |layer and a nenory |ayer so forned that, in
any region where the tenperature of the nagnetic filmexceeds the Curie
tenperature of the switching |ayer, displacenent of a magnetic wall is

generated in the displacenent |ayer to dinensionally enlarge the
effectively recorded magnetic donai articularkﬁg t he present

invention relates to & aR?%%ﬁ%@%£$ﬁggggﬁ§%EFﬁsAgﬁd &% capabl e of

detecting generation of a magnetic wall displacenent froma differenti al
signal of a reproduced signal or a difference signal thereof in the tine
base direction and detecting data by the use of such detection output,
hence perf FARKGRPIDDePT r BRE oBMEENBROBf the data at a sufficiently low bit
error rate even if any sudden DC | evel variation peculiar to a DWD node is
caused in the reprldduged sirgnalnvertieiran ar el knesnt oagnés baopebrcalucéagr di ng
medi a enpl oyed as rewritabl e high-density recording nmedia. And 24 Apri
2003 anong smpedramagneind opétitad hecdl dhggamdgae tonrepttype li s eafctrddcig ng
notice recently. It has a nagnetic three-layer filmconsisting at |east of
a di spl acempdidmyeiic Ba% t€hhagnéayer tapdealapaer ¥ ilay elonswherieign a
magneti c wal |l displacenent of the displacenent |ayer is generated in any

regi on wherg: tihesdmgnetd cafépméenper ai iy eri sar endecadnli ahefert Ram tthe
Curie tenperature of the switching |layer, so that the size of an

ef f ecti vel yndR0QF ded, JRONet £ & HOMBERa £ 5 £R! AhgedegfoheRhaductinen met hod

handl i ng such a ‘magnet o-optical recordi ng nedi um
temperature of the magnetic film exceeds the Curie
temperature of the switching layer, displacement of a
magnetic wall is generated in the displacement layer to
dimensionally enlarge the effectively recorded magnetic
domain. More particularly, the present invention relates
to a data reproducing apparatus and method capable of
detecting generation of a magnetic wall displacement from
a differential signal of a reproduced signal or a
difference signal thereof in the time base direction and
detecting data by the use of such detection output, hence
performing proper reproduction of the data at a
sufficiently low bit error rate even if any sudden DC
level variation peculiar to a DWDD mode is caused in the
reproduced signal.

There are known magneto-optical recording media

employed as rewritable high-density recording media. And
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is termed a DADD (Donmain WAl | Di spl acenent Detection) node. According to
this DWD node, a very |arge signhal can be reproduced also froma tiny
recordi ng domain of a period below the optical |limt resolution of a |ight
beam whereby a high density is attainable without the neces@fpribg003
changi ng the wavel ength of |ight, the nunerical aperture NA of an objective
| ens and so forth. Now a further detail ed explanation will be given on such
DWDD nmode. As shown in Fig. 9A) a magnet o-optical recording nmedium 10 has a
three-layer filmof swtched connection consisting of a displacenent |ayer
11, a switchibagl aveh k2qard A JpaL Laves-dihd afdeth | ot bi syeedes. The
menory | ayer 13 is conposed of a perpendi cul ar magneti zi ng fljrm 2 24
April 2003 Lpdhaaiing Ac9neql mAnAtiL Wald yhel 'A%%@fﬁee;tiﬂﬁetq@eseo.'l GRent
| ayer 11 is conposed of another perpendi cul ar nmagnetizing filmindicating a
smal | magnet.i I reluctance .and havi . high etjc wall
di spl aceabi %F??\A@?hg lgvtm!iﬁghiang J1(%ysetr Olfznéfgsc{ilcS rrlgdocseedeg“g% %a%%fghe?i c |layer
whose Curie te ratuce Ts i s Jower than those of the displacenent |ayer 11
and the menBPy FRYES 13Y°EadR A QLAY 04 1 MHISAGHTAI2 IBRETSE tonot es. ¢ he
di rection of om.c spin. A magnetic wall_ 15 is faornmed in the boundary
bet ween reg‘r"Bili %éPéQFﬁé‘eéttorﬂ 5 AR EAGHEE Y St ISR ¢ e de. | f
the surface of a recording filmis locally heated by the use of a
reproduci ngifi §RY BEIAPEl HSErehdd MPENaHeT & 18 fiRRF AW St¥$ buti on of
tenperature T as shown in Fig. 9B, and accordingly a distribution of
magneti ¢ warpnéaspgyhdehsict yhan $heoGved o asemR iureFiqef Y& Since the
magnetic wall energy density Q generally beconmes |lower in accordance with a
t enper at ur esvisehinpeldivstri lsgt it ti Sheucizachaf tame afdfprtivemal | ener gy
density Q becones mninmum at the position of the highest

recorded magnetic domain is enlarged. A reproduction

method handling such a magneto-optical recording medium
is termed a DWDD (Domain Wall Displacement Detection)
mode. According to this DWDD mode, a very large signal
can Be reproduced also from a tiny recording domain of a
period below the optical limit resolution of a light beam,
whereby a high density is attainable without £he
necessity of changing the wavelength of light, the
numerical aperture NA of an objective lens and so forth.

Now a further detailed explanation will be given on
such DWDD mode.

As shown in Fig. 9A, a magneto-optical recording
medium 10 has a three-layer film of switched connection
consisting of a displacement layer 11, a switéhing layer
12 and a memory layer 13 formed in this order. The memory

layer 13 is composed of a perpendicular magnetizing film



tenperature. As a result, a magnetic wall driving force F(x) for

di spl acenent toward the high tenperature side, where the magnetic wall
energy density Qis low, is generated as shown in Fig. 9D. Fig. 9E shows
the 3 24 April 2003 positional relationship between a spot 246®rib?0G3ne
| i ght beam 16 and a region 17 whose tenperature is higher than the Curie
tenperature Ts of the switching |ayer 12. In any area of the nmedium 10
where the tenperature is lower than the Curie tenperature Ts of the
switching layer 12, the magnetic layers are nmutually in swtched

connection, ;SQ.: ._even I I Vi force F(x) due to

t he above-déggrli%%gén?eﬁpg\régtg&r gggpﬁggﬁwaﬁsl@pépﬁ%%ﬁfﬂﬁg' i grhcehecked by the

great magnet.i.c \ivall rel uctance._qf ,the nenory. |l ayer 13 to eventually cause
Sbvir 279

no di spl acemeRP 6F K8 CndghELi ¢ wdiT SEEPIES % area of the medium
10 where the ten‘ger,ature is higher, than the Curie tenperature Ts, the
swi t ched coRAELERER CHEAReBAILRE GOSN dddMernt®dGAdrimd arPdhe menory | ayer
13 is cut off, so that the magnetic wall 15 of the displacenment |ayer 11
havi ng a snBRPNR&gRet’Ré IWAPL I FERBECaREE NS Farer dul i Iy eeetaldt el t he
magnetic wal |l driving force F(x) due to the tenperature gradient.
Consequent | §}sppanecentiiabre ofhehewihghéngclaskel 18 ist oompesednidcta on
cut-of f regi on beyond the position of the Curie tenperature Ts with
scanni ng of meheetédi UrYED blioske Cuirdlet teawmrbf urtehdrs tine Ihvept aderent | ayer
12 begins to be displaced toward the higher tenperature side of the
magneti ¢ wakhoib. o4 th24dApplhc20e3dtWienererl lamnhdftHdhenamgnetliayaml | s 15
formed at

13. Each arrow 14 in the individual layers denotes the

direction of atomic spin. A magnetic wall 15 is formed in

the boundary between regions where the atomic spin

directions are mutually reverse.

If the surface of a recording film is locally
heatéd by the use of a reproducing light beam (laserxr

beam)} 16, there is formed a distribution of temperature T
as shown in Fég. 9B, and accordingly a distribution of
magnetic wall energy density O is formed as shown in Fig.

9C. 8Since the magnetic wall energy density O generally

becomes lower in accordance with a temperature rise, the
distribution is such that the magnetic wall energy
density 0 becomes minimum at the position of the highest
temperature. As a result, a magnetic wall driving force
F(x) for displacement toward the high temperature side,
where the magnetic wall energy density ¢ is 1low, 1is

generated as shown in Fig. 9D. Fig. 9E shows the



intervals corresponding to the recorded signal on the nedium 10 passes the
position of the Curie tenperature Ts with scanning of the nedium by the

| i ght beam 16, there occurs a displacenment of the nagnetic wall 15 of the
di spl acenent |ayer 11. Since the effectively recorded nmagnet 2¢A884H08 i s
enl arged di nensionally by such di splacenent, it becones possible to
reproduce a very large signal as well even fromtiny recorded domai ns of a
period below the optical limt resolution of the |ight beam 16. As the

| i ght beam 16 scans the medium 10 at a fixed speed, the above-descri bed
magneti c wa i e t . t r i nte | .

correspondi hés?&i? %ﬁs%&aa lﬁr%'?lgﬁ{/yee&@% Zarsgé:fggt?dgédp n(gﬁgn{é%(?cl\l/\%”s 15.
The generatjon of _such magnet.i ¢ |1 _.di splacenment, can be detected as a
change in thgag‘oﬁgr 774t i %eﬁlé’ﬁlevi@f ‘“f}hoesese?efr%%‘?léacitlf]feghjts ofYh8T | FYRE beam
(l aser bea 16. As shown by broken lines in Fig.. 9A) a magnetic wal |

di spl acementfs CYEREr &8P P&NFFhé”%é&? et?ﬁfé&ﬂﬁ Lhavel bet1, so that

t he signal due to such nmagnetic wall displacenent fromthe rear is

superi nposed as a §Ro3RYsfgRal °6nthReMrEpM8dde # SiEGn A ed FeMEs HHal iagnet i ¢
wal | displacenent fromthe front, Al though an 5 24 April 2003 expl anation
on this gho&f 3pyeal thanorhhet &4 Her demirr Proms & a2 f sty Fhereliom can be
sol ved by properly contriving the application of a reproduci ng magnetic
field or théaveroiéi.nghfei magnEte cDWBD erype rrmgnetuslont i ical s skhagppar at us
menti oned above is substantially simlar in structure to any general

magnet o- opt coaheditsbonr, ecor dihag/ reepmodicaEmaleppearatatsic kgl l 1drshong a
partial structure of a conventional reproducing section in such an
appar at us. Aorepr sdu¢edusi graltheMabebteaidwed f it arergpirctalrdiead (not shown
is supplied to an equalizer circuit 21 where the frequency characteristic
thereof is geoapensat ed. appnepkoduaed sSiqieadk SHByY Al gresh tifkedn Stich
frequency characteristic conpensation is supplied to a binary coding
circuit 22, wabichetheragervert $hiehaemdput 1$vAl13 to eventually

cause no displacement of the magnetic wall 15. However,
in any area of the medium 10 where the temperature is
highér than the Curie temperature Ts, the switched
connection between the displacement layer 11 and the
memory laver 13 is cut off, so that the magnetic wall 15
of the displacement layer 11 having a small magnetic wall
reluctance is rendered displaceable by the magnetic wall
driving force F({x) due to the temperature gradient.
Consequently, upon entrance of the magnetic wall 15 into
the connection cut-off region beyond the position of the
Curie temperature Ts with scanning of the medium 10 by
the light beam 16, then the displacement layer 12 begins
to be displaced toward the higher temperature side of the

magnetic wall 15.



into a binary signal S2. The binary signal S2 outputted fromthe binary
coding circuit 22 is supplied to a data detection circuit 23 and a PLL
(phase-1 ocked loop) circuit 24. In the PLL circuit 24, a clock signal CLK
synchroni zed with the leading and trailing edges of the bina2§AsiiggddB S2 is
produced, and then the clock signal CLK is supplied to the data detection
circuit 23. Subsequently in the data detection circuit 23, data are
detected fromthe binary 6 24 April 2003 signal S2 by the use of the

cl ock signal CLK and then are outputted as reproduced data PD. On a DWD

type magneto-optiCahefboky ShyNaks r@ke magatded Jal 1SUGh & JmMerad hat data
bit strings are first converted into, e.g., RLL nodulated bits and then are

processed i ( -Retuyrn. t r.o l.nver e p ion with
data inver s{ig?@?&a&%%g?%g&pggo%réﬁﬁ%e %%olﬁecld%%d%gt%%%ga a 1?fﬁéler sion is
expressed as g"iH:Béglé)hi s case, .t he data detecti ircuit 23 convert%é e.g.,

tl.on

NRzI data i fAf a2 S Siivertdtsy BT ot A e'itp%af E 57 et HIR AT hEd Bs
reproduced data PD. The binary coding circuit 22 consists of a conparator
22a havi ng ¥fPxEF2CRAEShAN % a@dagmswfi% BHpt R9em obb o Hehar at or
22b of Fig. 11B for int ;grati ng the binary signal S2 by an integrator 23
and feedi ngC6&8K St Re dd&RE ACE™Me T th (Odfs A1 MAARRE 1 ©rval kohpafhat g€ 22¢ of Fig.
11C equipped with, on its input side) a DC controller 24 for calculating
t he envel opéiepAareemealtud apext He -us€isfea theak th6icd iviedguitecordg ot t om
hold circuit and then feeding back the center value. In the above-described
DWDD type, heweedsic toewrdnstiis lendxirge drahyngurolrensl ¥ dbeswdi ved.
For\ exanpl e, sone variation is caused suddenly in the DC | evel of the
reproduced sigpakc8venSuch tabeltemese possidlsupposebtaibe a very

large signal as well even from tiny recorded domains of a

period below the optical limit resolution of the light

beam 16.

As the light beam 16 scans the medium 10 at a fixed
speea, the above-described magnetic wall displacement is
generated at a temporal interval corresponding to the
spatial interval of the recarded magnetic walls 15. The
generation of such magnetic wall displacement can be
detected as a change in the polarization plane of the
reflected light of the light beam (laser beam) 16.

As shown by broken lines in Fig. 9A, a magnetic
wall displacement is generated from the rear of the
region 17 as well, so that the signal due to such
magnetic wall displacement from the rear is superimposed

as a ghost signal on the reproduced signal due to the

magnetic wall displacement from the front. Although an



7 24 April 2003 derived fromthat the direction of nmagnetization is
indefinite and may be inverted with a certain probability in any region

ot her than those contributing to detection of the signal by nmagnetic wall

di spl acenent in the |ight beam spot. Fig. 12 graphically shods A&l 28%ua
reproduced waveformrepresenting the above phenonenon. On a DWDD type
magnet o-opti cal disk, signal is recorded in the NRZI node as descri bed, and
it is seen in this diagramthat the DC | evel of the reproduced signal is
suddenly varied upward in the portion indicated by an arrow P. Upon
occurrence &fpsaeht BoRNEAORBNGNghbE ti §1lgABASSisbloailt@ e@DltRi b a goper binary
signal in the binary coding circuit of Fig. 11A which converts the input
signal int i it h i t shal e, i ing the

bi nary cod?%gb%?%%u??§%¥héiBse%%é§g? ?%%,%%hgoygkgvgﬁf%%%qékgg variations
are extrenel aster than the.t nse_spee f the.coding circuit and may
becone cont?%ﬁ%ﬂ%vb? gﬁ?oégséﬁggﬁgog Bzrgo%egfngcfggtﬁg qﬁﬁ%ﬁvup of the
codi ng circgit SUMVARY OF THE.INVENIICN It is therefore an object of the
present inv h?}%nohg%b?05F88r B8t &*r8produci ng apparatus and nmethod a 24
April 2003 capabl e of reproducing data at a, sufficiently low bit error rate
despite any suddeﬂ“BCQW§hﬂtXRﬁi@ﬁQQﬁF%a%%EHC?% {hekr 2BPBYBERE si gnal
According to one asgect of the present .invention, there is provided a DADD
type data reprbieRefgrppar & usURfeRtiAEldEdMalergAal SteprdauE P means
for irradiating a Iight beamfromthe side of a displacenent |ayer onto a
magnet o- optd®al g¢eevr Hi nyIretPupPihrRre Ad¢kngechedingr epsmducdingt i vely to
the nedium and displacing a magnetic wall which has a gradient on the
magnet i ¢ r exewaliagu sredifi i @ ehais ecthont bil nptrontefet hé ki ght beam spot
and is forned in the displacenment |ayer with a tenperature distribution
havi ng a t enperert uienzkegroprbdghéngt hantihe Cor secherperapare tofs .at Al east
the switching | ayer, thereby obtaining a reproduced signal which

corr espondsrdmrddwec ehangenah 8§, .pobarinati dmopl ane opftitdad rhefddectred: | i ght of
the light beam a magnetic wall displacenent detection neans for detecting
gener ati on gHovihe tmgnephLiwadl todaspkacemtntrbyitrheitiselofwha @i fther ence
signal thereof in the tinme base direction; and a data detection nmeans for
detecting dategbyndéhechseaotethecilet enbronfsignabmpbhaaned .f ramthe
magnetic wall 9 24 April 2003

repréduced signal S,,. obtained after such frequency
characteristic compensation is supplied to a binary
coding circuit 22, which then converts the input signal
into a binary signal S2.

The binary signal S2 outputted from the binary
coding circuit 22 is supplied to a data detection circuit
23 and a PLL (phase-locked loop) circuit 24. In the PLL
circuit 24, a clock signal CLK synchronized with the
leading and trailing edges of the binary signal S2 is
produced, and then the clock signal CLK is supplied to
the data detection circuit 23. Subseguently in the data

detection circuit 23, data are detected from the binary



di spl acenent detection neans. According to another aspect of the present
invention, there is provided a DGVDD type data reproduci ng nmet hod which
includes a first step of irradiating a |light beamfromthe side of a

di spl acement | ayer onto a magneto-optical recording nmedi um wif Perimd@Bng t he
light beamrelatively to the nedium and displacing a magnetic wall which
has a gradient on the magnetic recording nediumin the direction of notion
of the Iight beam spot and is fornmed in the displacenent |layer with a
tenperature distribution having a tenperature region higher than the Curie

tenperaturespinai beagy the swet o ngie Mok thepby @bt aidd ng, &, rept oduced
signal which corresponds to the change on a pol ari zation plane of the

reflected I} p saf. .detecti ng generation of the nagnetic
wal | di spl a%%ﬁ%%?gﬁ*}‘ ?%e%gggg%ﬁtg%id?ft& %tr?de signal thereof in the tine
base direction; and a thi tep of cti data.by the use of a

det ection signal &%}c 1?@%392%% smagﬁ§%§f§8298 étaésﬁagﬁégpéﬁﬁaﬁfe

di spl acenent detected at the second step. I.n the present invention, every
time any ofr%%r%%é;néfli RUGAI ReTMRARfEd A K Yn S opa e doitditng 10
24 April 2003 nediumat intervals corresponding to the recorded signal
passes the €RYertedpeibPur - Bosi RildnMPAuetGddde ittt &h ity of the
medi um by the |ight beam the magnetic wall of the displacement |ayer is

di spl aced, Berepatedhen| BREE dFophEetdpPodecdrsl drgettedhamgsl sharply
and suddenly in conformty with such magnetic wall displacenent. Therefore,
upon gener Mhiepe of poethagneitb dakk dnyprsdemerits, edrrdsaesl aof 1 he
difference signal in the tinme base direction is raised. Consequently,

gener at i on wiildea negnetipr wakhodics gerdeenente redwnbd sdetxaotesd diy asheé .use of
such difference signal. As |ight beam scans the nediumat a fixed speed,

t he af or enet i onesl cageet tbehdhkadidspkaténmants rang tg@iercatnetkrdts .a t enpor a
interval corresponding to the spatial interval of the recorded magnetic

wal | s. Therefor e, NR2ZI bécoaesnpossRbBl date, pehkorinyd®LEC odim 1eft edatda day t he
use of a detection signal representing the generation of such nmagnetic wall
di spl acenentire labtdhisedase, rgppetatedndatat B®.magnetic wal | di spl acenent is
detected by using the difference signal thereof in the tinme base direction,
so that detectionmfe idakly coding circuit 22 consists of a

compérator 22a having a fixed threshold value as shown in
Fig. 112, or a comparator 22b of Fig. 11B for integrating
the binary signal 82 by an integrator 23 an% feeding back
the same to a threshold value, or a comparator 22c¢ of Fig.
11C equipped with, on its input side, a DC controller 24
for calculating the envelope center value by the use of a
peak hold circuit or a bottom hold circuit and then
feeding back the center value.

In the above-described DWDD type, however, there
still exist many problems to be solved. For\example, some

variation is caused suddenly in the DC level of the

reproduced signal S,,. Such a phenomenon is supposed to be



24 April 2003 displacenment can be executed w thout being harnfully affected
by any variation caused in the DC | evel of the reproduced signal. Thus,
reproduction of the data can be perfornmed at a sufficiently low bit_ error
rate despite any sudden DC | evel variation of the reproduced24iApHa#003
peculiar to the DWDD type. The above and ot her features and advant ages of
the present invention wll becone apparent fromthe follow ng description
which will be given with reference to the illustrative acconpanying

drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagram

showi ng an exeNRIcal ¥ xu UGl e @ Feaned0- Optn£sh o €i Sk fPRAL gt us
represented as a preferred enbodi nent of the invention; Fig. 2 is a block

di agram showi g (3 ,§ re;%tngir ﬁ’rlaf%kﬁvé&.{t@d rwlgagt; Coupdl 5 i ,;9&@%??2%@' .

detection circuit; Fi isa agram showi ng a structura

of a difference circui.t: Figs. 4A to 4J are tim charts o ignals for
expl ai ni ng t(iﬁ]e a(I)lﬁlerrz'aelgilé)ﬁ1 0 tq}%relltn}%aagnne@?oc Wa ?ntgl}%%%%%eﬁ?- d%?%‘gpf%ﬂ
ril 2003

[ it; Fig. [ bl di Show t t | 12 24
xampl o of BEARE GUERED O CIETLLT MY ARG GEHE 17 hG LhErE o

signals for_explaining the operation of the data detection circuit; Fig. 7
is a block &©&8r 8RC¢howi ng anot her structural exanple of the magnetic wal l
di spl acenent detection circuit; Fig. 8 graphically shows input-output
characteristics ofFageohﬁaﬂaﬁéhlﬁégﬂﬁgs P¥FepBsPS L UBlgF ePFR IS TE are

expl anatory di agrans of a DWDD
waveform representing the above phenomenon. On a DWDD

type magneto-optical disk, signal is recorded in the NRZI
mode as described, and it is seen in this diagram that
the DC level of the reproduced signal is sﬁddenly varied
upward in the portion indicated by an arrow P. Upon
occurrence of such a phenomenon, it is impossible to
obtain'a proper binary signal in the binary coding
circuit of Fig. 11A which converts the input signal into
binary one with a fixed threshold value. Even in using
the binary coding circuit of Fig. 11B or 11C, the
relevant DC level variations are extremely faster than
the response speed of the coding circuit and may become
continuous bit errors during a period prior to the

follow-up of the coding circuit.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention

to provide a data reproducing apparatus and method



node; Fig. 10 is a block diagrampartially showi ng a reproduci ng section of
a conventional magneto-optical disk apparatus; Figs. 11A to 11C show sone
structural exanples of a binary coding circuit; and Fig. 12 graphically
shows an exenplary reproduced waveformw th occurrence of DC | evel
variations peculiar to the DWD type. DESCRI PTION OF THE PREFggEFP

EMBODI MENTS Herei nafter sone preferred enbodi nents of the prg T 2%nt i on
will be described in detail with reference to the acconpanyi ng draw ngs.
Fig. 1 shows a DWDD type magnet o-optical di sk apparatus 100 as one 13 24
April 2003 enbodi nent. A magneto-optical disk 111 handled in this disk
appar at usCapP s o EHrpEset ¢ it Aragnetdl opts Y ré¥oPdf n§* Heldi tAheLo
described already in connection with Fig. 9A is deposited on a substrate of
gl ass or PEERthie #t eFidden Lfd ot BEtideori FAPFRY f bR mEbSt REPESHICSFhe

di sk apparatus 100 has a spindle notor 113 for driving the magneto-opti cal
di sk 111 &9%dt-ate the sane. The magneto-optical disk 111 is driven to be
rotated at a constant angular velocity in both recordi ng and reproduci ng
nodes. A frequéﬁ%?rﬁﬁﬁkﬁét6¥@1f@pF§tanaEﬂ%dp¥%FﬁqﬁaHWHFgFﬁo%haf eIt the
spindle notor 113 for detecting the rotation speed thereof, The djsk

appar at usP190 455 thet DRad YRS nHlght T P 1re8 G 1952803 - Yerfer” Fﬂglﬁﬁ%uéﬁﬁeﬁ'nal

magnetic field; a magnetic head driver. 116 for contyolli eneratiqn of
the magnefi®"?i ef PEFGn PRe aGhHetl PE Hééﬁaﬁﬁﬁingaﬁ’O%Fﬁgéﬂ%ﬁghdg%ﬁﬁ che

consisting,of a_sem conductor |aser, a bj ective | ens n tical ,detector

and so forite &fid ca THEBACAPFDEr 171871 6P Rort rBTTITie SRE 68T bn*BFoTHEY | ght

medium while moving the light beam relatively to the medium, and
displacing a magnetic wall which has a gradient on the magnetic
recording medium in the direction of motion of the light beam
spot and is formed in the displacement layer with a temperature
distribution having a temperature region higher than the Curie
temperature of at least the switching layer, thereby obtaining a
reproduced signal which corresponds to the change on a
polarization plane of the reflected light of the light beam; a
magnetic wall displacement detection means for detecting
generation of the magnetic wall displacement by the use of a
difference signal thereof in the time base direction; and a data
detection means for detecting data by the use of the detection

signal obtained from the magnetic wall



fromthe sem conductor laser in the optical head 117. The magnetic head 115
and the optical head 117 are di sposed opposite to each other in a manner to
i nt erpose the magneto-optical disk 111 therebetween. 14 24 April 2003 A

| aser power control signal SPA is supplied froman undernentioned servo
controller 141 to the laser driver 118, and the power of the | aser beam
emitted fromthe sem conductor |aser of the optical head 11724éwied0Qs a
recordi ng power PWin a recording node, or as a reproduci ng power PR, which
is lower than the recording power Pw, in a reproducing node. In a data
wite node (recording node), record data Dr is supplied as NRZI data to the
magneti c headldrameent #d¢6easiom mkabe. descri bed | ater, and a magnetic field
corresponding to such record data D= is generated fromthe magnetic head
115, so that theceoetord tdattacbher sasmeoor ddd tbr bhesemignetvenepbncatheliesk 111
in cooperation with the Iight beam (|l aser beam) obtained fromthe optical
head 117 isTheodigid appdnat tsrd 00 fartdraodhasna serhvel cbntcholihebudekl a

equi pped with a CPU (central processing unit). To this servo controller

141, theréiase stppl ied arfedistiewr oz dilghal ISFE ahdora tthacksiwy epfora
signal STE produced in the optical head 117, and al so a frequency signal
SFG out putit epl §¢amanthé asfor enent & oneahftoegpeneyl gereratiop he¢diwThehile
operation of the servo controller 141 is controlled by an undernenti oned
syst em conbyvohd efhel Bightsbeapqrahrtiive2@03oThie seedigimorndodiepladinecont rol s

an actuator 145 which .
magnetic wall which has a gradient on the magnetic recording

medium in the direction of motion of the light beam spot and is
formed in the displacement layer with a temperature distribution
having a temperature region higher than the Curie temperature of
at least the switching layer, thereby obtaining a reproduced
signal which corresponds to the change on a polarization plane of
the reflected light beam; a second step of detecting generation
of the magnetic wall displacement by the use of a difference
signal thereof in the time base direction; and a third step of
detecting data by the use of a detection signal which represents
generation of the magnetic wall displacement detected at the
second step.

In the present invention, every time any of the magnetic

walls formed in the magneto-optical recording
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i ncludes a tracking coil, a focus coil and a linear notor for radially
novi ng the optical head 117, whereby tracking and focus servo control
actions are executed, and the radial notion of the optical head 117 is al so
controlled. The servo controller 141 further controls the spindl e notor

113, thereby controlling the nagneto optical disk 111 in a manner to rotate
the sane at a constant angular velocity in both the recordi ng4apdl 2003
reproduci ng nodes. The di sk apparatus 100 further has a systemcontroller
151 equi pped with a CPU; a data buffer 152; and an SCSI (Small Conputer
System Interface) 153 for transferring data and commands therefromor to a
host conputeéium Thie systemlcomorgbberndify ser vies tiepavodefokithel epdsyas
system The di sk apparatus 100 further has an ECC (error correction code)
circuit 154efouwrigddiemponatise atasachpngimneerargenceryedt isornoode ¢O thwe
wite data supplied fromthe host conmputer via the SCSI 153 and serving to
correct angdewn opy i hhea hieldbt paeemdatthe oftagane Uideraéntdfontéd dataldesmehdl at or
159; and a data nodul ator 155 for converting bit strings of the wite data
wher e t heleveoricolisedtron cotdags theehrlt @dhélebyertrslveed 6igedd tis154,
into RLL 16 24 April 2003 nodul ated bits and then converting the sane

i nto NRZI cHarged osShheriebyaigbt aladerlcor 8N dapaf Penl thhev dils ks agppaiagust 100
further has_an equalizer circuit 156 for conpensating the frequency

char act er '3t cdéfPriaeEemedsr odutier edicghal UBKD @8R ardedf rom the BpeieEc head
117; a magnetic wall displacenent detection circuit 157 for detecting
gener at i onabt @& Frgrerret matte dicyplageneit Fridrrenes reprodudedtiss ghdlie SMO
whose frequency characteristic_has been conpensated by the equalizer
circuit 158%¢a PlECEiPRuitS 1581F8F - obt &PRPRAG A Yock IS YyrrdliogL Kot  the
synchroni zed with the | eading edge of a detection signal (pulse signal)

whi ch si gRfFFIYs Getferlat T 0P 1GFSPRRE maghefPc ARAPFEET shl ad8RentCortputtdd from

the magnetic wall displacenent detection circuit
difference signal.

As light beam scans the medium at a fixed speed, the
aforementioned magnetic wall displacements are generated at a
temporal interval corresponding to the spatial interval of the
recorded magnetic walls. Therefore, it becomes possible to
perform detection of data by the use of a detection signal
representing the generation of such magnetic wall displacement.
In this case, generation of the magnetic wall displacement 1is
detected by using the difference signal thereof in the time base

direction, so that detection of the

11



157; a data detection circuit 159 for obtaining reproduced data (NRZ data)
fromthe detection signal PDS by the use of the clock signal CLK and a
dat a denodul ator 160 for obtaining read data through denodul ati on of the
reproduced data Dp (e.g., RLL nodul ated data). Now the structfif®b003he
magnetic wall displacenment detection circuit 157 will be described bel ow.
Fig. 2 shows a structural exanple of the magnetic wall displacenent
detection circuit 157. This detection 17 24 April 2003 circuit 157
conprises a differentiator 171 for obtaining a differential signal S11

t hrough didifsslamamngritorcof hheexeegbedcyl tbhapensaied hepnbubied signal
SMO,; a differentiator 172 for obtaining a secondary differential signal
S12 t hr ougtf fdidftfeat ént iasaty oreofathendrdéfiee@ninathgi pAale®el; codntdha del ay
circuit 173 for delaying the differential signal S11 to thereby obtain a
di f f er ent iralprsidgnald Slilgnawhi chlrhus  syedyani aeibmidh the datputand ie ng of
the secondary differential signal S12. Practically, either of the

di f ferent ipahGcsmedl anth 1hdr Heedenoly beo®nei t hat rgi vescaatibepntical |y
strict differentiation characteristic, and may be replaced wth a

differ encear? rGiddenl & Of el O- v§r£9£‘§b§tbf‘9t9£ Aeflgbayc6hr subhal66 and a
subtracter 167. The detection circuit 157 conprises a conparator 174 for

conpari ng 4 g 1diff erentia poll’ with the positive threshold value +V
and det ectplt ng the perl gLery 0 l‘:J‘)ﬁe [ eadi ng edge of the repr oduced si gnal

SMO, a conpar at OFB% for, % 3’@&‘[& tﬂ%&lzf%}e penaﬁ]ery SId i th the

negative thresho ue - etectl ng t the trailing

edge of the re roduced S ég/g)b a co argtg g ring the

h 3193’?‘

secondary *dif fegr et A & gna"f1 rﬁe aZ8to e Teve de ec b
description which will be given with reference to the

illustrative accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an exemplary
structure of a magneto-optical disk apparatus represented
as a preferred embodiment of the invention;

Fig. 2 1s a block diagram showing a structural
example of a magnetic wall displacement detection
circuit;

Fig. 3 is a block diagram showing a structural
example of a difference circuit;

Figs. 4A to 4J are timing charts of signals for
explaihing the operation of the magnetic wall
displacemént-detection circuit;

Fig. 5 is a block diagram showing a structural

12



the |l eading and trailing edges of the reproduced signal 18 24 April 2003
SMO The detection circuit 157 further conprises an AND circuit 177 for
taking a | ogical product of the output signal S13 of the conparator 174 and
t he output signal S15 of the conparator 176; an AND circuit 2#8pfib20G3aki ng
a |l ogical product of the output signal S14 of the conparator 175 and the
out put signal S15 of the conparator 176; and an OR circuit 179 for taking a
| ogi cal sum of the output signals S16, S17 of the AND circuits 177, 178 to
obtain a detection signal PDS which represents generation of the magnetic
wal | di spl agemeht. oNow tiheaopetatitdonokitdeainagneti c wal | di spl acenent
detection circuit 157 shown in Fig. 2 will be described below wth
reference to ti mmy<hagi stoOf 6&i g8e 4fming4dhaFtgordAighens €be reproduced
signal SMO outputted fromthe t optical head 115, wherein it is supposed

that a suddepiPinlgyetn¥abpathenopeckl icdk e thhe MR itype s generated in
a portion indicated by an arrow P. The reproduced signal SMO is processed

in the equalizer gigcujt; 156 1‘396?190@&8?%?QHoQin5t§aEEﬁ8E‘eF‘Cy

characteristic, so that the waveformequalized reproduced signal SMO, of
Fig. 4Bis Qpﬁ@'ggg g@gﬂ Egpr d d_si l; SHQ- i s.di f,fer iated in the
. 78 1 o?.@ﬁ% m% %Q%lc 11 %ﬁ' la% %@ .
differentiator E , SOt Bt~a si gnal 1% 3fown in Fi g 1§ 4 April 2003
4C i s obta&gg E{gﬁ]the deLay circuit 173. The signal S11' is turned to a
Lo o] R shie et ng ¥ . ; . .
positive | evel "correspondingly to the | eading edge (portion with generation
of one magnetic wall djsplagenent) of,fhe [epredysed, gignal SMO or is
characteristics of a comparator having hysteresis;
Figs. 9A to 9E are explanatory diagrams of a DWDD
mode;
Fig. 10 is a block diagram partially showing a
reproducing section of a conventional magneto-optical
disk apparatus;
Figs. 11A to 11C show some structural examples of a
binary coding circuit; and
Fig. 12 graphically shows an exemplary reproduced

waveform with occurrence of DC level variations peculiar

to the DWDD type.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter some preferred embodiments of the
present invention will be described in detail with
reference to the accompanying drawings. Fig. 1 shows a

DWDD type magneto-optical disk apparatus 100 as one

13



turned to a negative level correspondingly to the trailing edge (portion
with generation of the other magnetic wall displacenent) of the reproduced
signal SMO.. The differential signal S11 outputted fromthe differentiator
171 is further differentiated in the differentiator 172, so 2h&Prk2003
secondary differential signal S12 of Fig. 4Dis obtained. In this secondary
differential signal S12, zero-crossing is induced in synchronismwth the

| eadi ng edge and the trailing edge of the reproduced signal SMO For
briefing the explanation, it is assumed here that the process of

di fferenti@tpedimansach of the differentiators 171 and 172 is executed

w t hout any delay, and therefore the delay anmount required in the
differentiator 178 maguzetro-odhecdl fdeskntial hshghal Shl'thadt pusked fromthe
delay circuit 173 is supplied to the conparator 174 and then is conpared

w th the tiapeshatdsvaboeigVsowbemnebyed shanala HhIneftFiopti4ziturned to its
high I evel in the periphery of the | eading edge of the reproduced signal

SM is OUFJpélé@_ﬁﬁliﬁéoﬂbahﬁmCQﬁpaégEQﬁb%aAfal§ie'5|d:yar1|ny,cotnrﬂ%c3:Q.on A ofpril 2003
differential signal S11' outputted fromthe delay circuit 173 is supplied

al so to the;compar atog e e h r l.d val ue
-V, mherebyl§ si gnal Sﬁ%zg%e%?gbh4% FEF%ggagb ?f?bﬁgﬁ% %gtg?%§Q9

per i phery p{cdhgair abhing gdgecatLhe i epr g@ue‘s%qp%'dg@ o 3R 1S out put t ec

from the conparator e described Ta € signals S13 and

S14 are used as Qﬁie(§ugp%%”ﬁ_ér§ iggzge : %e &8 L tuEnedIE?ggghlgh

I evel thereof in e peri he e repro duced I SMD as
I RO R TR S R S
with the ;ﬁ{O §¥§éto opE Xl disk 111 is driven to be rotated at a

constant angular velocity in both recording and

reproducing modes., A frequency generator 114 is attached

to the rotary shaft of the spindle motor 113 for

detecting the rotation speed thereof.

The disk apparatus 100 further has a magnetic head
115 for generating am external magnetic field; a magnetic
4

head driver 116 for cﬁntrolling generation of the

magnetic field from the magnetic head 115; an optical

head 117 consisting of a semiconductor laser, an

objective lens, an optical detector and so forth; and a

laser driver 118 for controlling emission of the 1light

from the semiconductor laser in the optical head 117. The

magnetic head 115 and~the optical head 117 are disposed

opposite to each other in a-manner to interpose the

magneto-optical disk 111 therebetween.

14



signal S15 of Fig. 4Gis outputted fromthe conparator 176. This out put
signal S15 falls in synchronismwth the | |eading edge of the reproduced
signal SMb and rises in synchronismwth the trailing edge of the
reproduced signal SMO. Each of portions denoted by "X' in Fig4And3003an
indefinite area where the threshold value Szero | evel) of the conparator
176 and the | evel of the secondary differential signal S12 are
approximately equal to each other. The output signal S15 of the conparator
276 is inverted and supplied to the AND circuit 177, to which 21 24 Apri

2003 the output signalsS13,0fctneosPrParaiQhalrd, i $sals@3URR i8S A gate

signal. Therefore a pulse signal S16 of Fig. 4H rising in synchronismwth

the | ead! ngugdaenof ot DRcheRLoduced:h01al. M0 1 £ OMAl ned I o £g AND

circuit 177. , the output signal of 't hé compar at or
supplied to %Ee AND cjrcuit 178 % i.ch tge out put_ si | S14 of the
conparator 1787 8" IEQQSBBBFFeafa %3 af&tsrghdl © ﬁé%%fgﬁémh se signal
S17 of Fig. 41 rising in synchronisn1mﬁth_th§ %railing edge of the
reproduced SFYREPRSNELPE LBESTFNnEd FP6mPPhé CARD ER e dilt! FAEVESuseduent |y,
t hese signals S16 and S17 are supplied to the OR circuit 179, which then
outputs a pHPSErdéRecPPYArsPgndl POSHRTEIRE MIdei sPRg2Fna2synchroni smwith
the leading and trailing edges of the reproduced signal SMO. In this stage,
as the magneeprefifeny HPYRT1RL ivhieanhed $Wet hehap ghhepearrefdinged from
the optical head 117) magnetic wall displacements are generated at the
t enporal inpeveunl Peorimegpomettmyduoinhenagatial interval of the recorded
magnetic walls 15. The reproduced signal SMO rises in response to
generation of a dilplacenentwofte¢ hecdmghetserduhy Mddeher eethedatienkc spin
direction 14 (see Fig. 9A) is changed from

D, is supplied as NRZI data to the magnetic head driver

116 as will be described later, and a magnetic field

corresponding to such record data D, is generated from the

magnetic head 115, so that the record data D, is recorded

on the magneto-optical disk 111 in cooperation with the

light beam (laser beam) obtained from the optical head

117.

The disk apparatus 100 further has a servo

controller 141 equipped with a CPU (central processing

unit). To this servo controller 141, there are supplied a

focus error signal S,, and a tracking error signal S,

produced in the optical head 117, and also a frequency

signal S,, outputted from the aforementioned frequency

generator 114.

The operation of the servo controller 141 is

controlled by an undermentioned system controller 151.
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one to the other, or the reproduced signal SMO falls in response to
generation of a displacenent of the magnetic 22 24 April 2003 wall 15
where, contrary to the above, the atomic spin direction 14 is changed from
the other to one. Consequently, the aforenentioned detection24/Agrt008DS
represents the result of detecting the magnetic wall displacenent fromthe
repr oduced signal SMO. As obvious fromthe waveform of each signal, if any
sudden DC | evel variation peculiar to the DADD type is caused in the
portion indicated by an arrow P in Fig. 4A such variation brings about

substant | al ke Qe ok kAL UENG 100 it AU RUE Rgnaly Sid (Hliaof the

differentiators nsequently, despite any su

vari ati on c_%l{gfg iLn th%rgggrioduced Si %nago S SHo,. .t he det %ﬁiti on si gnal PDS

properly reptSSeRts Fh&TFESUPE 6P det Ectiaiy t K& ddgd bR thd S eprbhuted

signal SM, _i.e. eneration of &}he ma n%i | I, _di spl.acenent. Next, the
structure ofofhégﬁgf‘g?ﬁe?@?fﬂlgnt Cr &Qitgc 9?\&\%%1 Be ded&hed bel ow. Fig. 5
shows a structural exanple of the data detection circuit 159. This data
det ection cFFeekingsandohpFlrgeger8ar CONINOY- AICHISNEI RrEg£3@ed @ .excl usi ve
CR circuit 185. The detection signal PDs outputted fromthe nagnetic wall
di spl acemendndeteet rafielrwarionseti $heypptiiealt deadcllddk itsermtisral of the
flipflop 181, and an inverted output termnal Q bar of the flip-flop 181 is
connect ed tocmatdat heder fitral s vahesnt2dllep410pr Fhr2BO8 thetibip- thep 181
constitutes a T flip-flop. An output termnal Qof the flip-flop 181 is
connect ed tspandaeambeon haB, Dtberehg flonprblldp ng82h enmmalgm ear -out put
terminal Qof the flip-flop 182 is connected to a data termnal D of the
flip-flop 1@3tidmd disk 111 in a manner to rotate the same at a

constant angular velocity in both the recording and

reproducing modes.

The disk apparatus 100 further has a system

controller 151 equipped with a CPU; a data buffer 152;

and an SCSI {Small Computer System Interface) 153 for

transferring data and commands therefrom or to a host

computer. The system controller 151 serves to control the

entire system.

The disk apparatus 100 further has an ECC (error

correction code) circuit 154 for additionally attaching

an error correction code to the write data supplied from

the host computer via the SCSI 153 and serving to correct

any error in the output data of an undermentioned data

demodulator 159; and a data modulator 155 for converting

bit strings of the write data where the error correction

code has been attached by the ECC circuit 154, into RLL
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output termnals Q of the flip-flops 182 and 183 are connected respectively
to the input side of the exclusive OR circuit 185. An output termnal Q of
the flip-flop 184 serves as a reproduced-data output termnal. And a clock
signal CLK produced in the PLL circuit 158 is supplied to thé4Aesdsi ve
clock termnals of the flip-flops 182-184. Hereinafter the operation of the
data detection circuit 159 showmn in Fig. 5 will be described with reference
to timng charts of Figs. 6Ato 6G Fig. 6A shows an exanple of the
detection signal Pos outputted fromthe nmagnetic wall displacenent

detection cirgUhttda’p;aRd Ek9+nBE SBAVe 2 1610k eSigRA) G Qiiputted from
the PLL circuit 158 and synchroni zed with the | eadi ng edge of the detection

si gnal PDS. 4 Qnt§h?hQ?%S§tEB@a%bQQ@EogQSFE%aSQPplied to the clock term nal
op 181, e [ , '

of the flip- p e I's obtaine romits output termnal Q a
signal S21 whose sjate.is inverted at e adi edge of ﬁhe det ecti on
signal PDs, as shoWh®i®* g?p%ﬁfaﬁﬂ%n1?%e£éféﬁgf g%i Pg SAPprirédTto 24 24
April 2003 the data termnal D of the fli -flgp 182, and a signal S22
synchroni ze81b§UthelePolRTsFERREPERKIRS SHEWT HEAYEEY 63 R SIS f rom
the output termnal Qof the flip flop 182. The signal S22 thus obtained is
suppl i ed t o°Eh&hgararredrradl sbIprlt e PHtFIMh f18 Hirl wprigral S23
del ayed correspondingly to the duration of one clock pulse as shown in Fig.
6E i s obt ai heddf L t hemaanpict ephindl s@laf efiga tf (diefedtgpm 83.rcid si gnal s
S22 and S23 obtained respectively fromthe output termnals (2 of the
flip-flops 182 &nd @88earéngupphezdtiont hé exdkysierd cORadilk cuit 185, which
t hen takes an excl usive |logical sumof the input signals. Consequently,
there i s obflaspedgehenom EhemORhei reprbd286d signgldals,S2#hwisiech becones 1 at
the edge position while

frequency characteristic has been compensated by the

equalizer circuit 156; a PLL circuit 158 for obtaining a

clock signal CLK synchronized with the leading edge of a

detection signal (pulse signal) which signifies

generation of the magnetic wall displacement outputted

from the magnetic wall displacement detection circuit

157; a data detection circuit 159 for obtaining

reproduced data (NRZ data) from the detection signal P

by the use of the clock signal CLK; and a data

demodulator 160 for obtaining read data through

demodulation of the reproduced data D, (e.g., RLL

modulated data).

Now the structure of the magnetic wall displacement
detection circuit 157 will be described below. Fig. 2

shows a structural example of the magnetic wall

displacement detection circuit 157. This detection
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bei ng kept in synchronismwth the clock signal CLK as shown in Fig. 6F and
becones 0 at any other position than the edge, whereby the NRZI waveformis
converted into an NRZ waveform The signal S24 thus obtained is then
supplied to the data terminal D of the flip-flop 184, and repféditddP3dat a
(NRz data) Dp synchronized by the clock signal CLK as shown in Fig. 6Gis
obtained fromthe output terminal Qof the flip-flop 184. Next) the
operation of the magneto-optical disk apparatus shown in Fig. 1 will be
descri bed below. In 25 24 April 2003 case a data wite connand IS

suppl i ed ”8%%@?:;“?%5 %8{5@%&%%& 9 NG RGN ol &, 1 arggrggg wite

(recordi ng) e 1's execu I'n t'hi's case, an error correc IS
attached, in uit 15 the Wit ta r elved fromthe host
dorad g aRe s e

ECC ci,r

conput er V|% %hgfgagp 183 544" 2520 44 ffen the
data are copverted into RLL nodul at ed blts or NRZI data in the data
modul at or 1558I4SERBSEqGERPPYSatECor§PIREAHA iSH 9 forin 8f NRZI data are
supplied fromthe data nodul ator 155 to the magnetic head driver 116, and
the data DréhfEererbiaéari A7€hécdar tarled nat aasteélp@é‘tarpfoﬁltﬂf(ﬂfe(ﬂtltdie
magnet o-optical disk 1. In case a data read command is supplied fromthe
host conput®igraltBé2sypbrengbodifderentistion @dt &heedd f(frrepmadwdi ng) node
is executed. In this case, a reproduced signal SHo is obtained fromthe
data area a$i@nahr§et:pasﬁthode@aythérnugmeﬂdaoﬁbtcdbldwshglthg The
reproduced signal SMO is processed in the equalizer circuit 156 for
conpensat i obi bfeiéstiakguegaylchanacbethetricdy abdatinen dirgpreduced signal
SMO, after such conpensation is supplied to the magnetic wall displacenent
detection cétgndt 457! @ubsrquentlkyphaocdéteat wanhsitgrabulfBStohtiaiired from
t he detection circuit

of the secondary differential signal S12. Practically,

either of the differentiators 171 and 172 need not be one

that gives mathematically strict differentiation

characteristic, and may be replaced with a difference

circuit 165 of Fig. 3 consisting of a delay circuit 166

and a subtracter 167.

The detection circuit 157 comprises a comparator

174 for comparing the differential signal S11°‘ with the

positive threshold value +V and detecting the periphery

of the leading edge of the reproduced signal S,; a

comparator 175 for comparing the differential signal S11°

with the negative threshold value -V and detecting the

periphery of the trailing edge of the reproduced signal

S,e: and a comparator 176 for comparing the secondary

differential signal S12 with a zero level and detecting

the leading and trailing edges of the reproduced signal

18



157 to represent generation of a magnetic wall 26 24 April 2003

di spl acenent is supplied to the PLL circuit |58 and the data detection
circuit 159. Inthe PLL circuit 158, a clock signal CLK synchronized with
the | eadi ng edge of the detection signal PDs is reproduced. RBa&Emh20G3 in
the data detection circuit 159, reproduced data (NRZ data) DP are obtained
fromthe detection signal PDs by the use of the clock signal CLK reproduced
in the PLL circuit 158. The reproduced data DQ are denodul ated in the data
denodul ator 160 and then are corrected in the ECC circuit 154, whereby read
data are oBi#ai ned. Subsequently the read data are once stored in the data
buffer 152, and thereafter are transmtted at predetermned timng to the
host conputer vi darlidhedSCsttilsd3 cincthisienbédirnbrt, caspdésesi hadaabove,
generation of the magnetic wall displacenment is detected fromthe
reproducedcsrgaat Shb byrt hakamgnat negwalall girs@uacesEnt:detRaijan circuit
157, and detection of the data is perfornmed in the data detection circuit

159 by thesuggaof sibecdetget eppsirdnal PRI LRgohtal RJeRoduceddata Dp. In
this case, generation of the magnetic wall displacenent is detected in the

Tagnetic waik Ji SphaceuRpl debectyan chi Al BTl UsidG dihe i fferential

signal of the reproduced signal SHO or the difference signa ereof in 27

24 April 200301 hei i URoBRSE diel egLl A0 CANSAGUEN! lag, B4erhydd any sudden DC

| evel variation peculiar t ype i s caused in the reproduced
si gnal SVQ.o L, DLLDGS; 2BoYL 5SYRe! BNLLAL! ¥:9908 Gfhshaeyle [ nfl uence on the
process of etecti on, SO
comparator 176; and an OR circuit 179 for taking a
logical sum of the output signals S16, S17 of the AND
circuits 177, 178 to obtain a detection signal P, which
represents generation of the magnetic wa}l displacement.
Now the operation of the magnetic wall displacement
detection circuit 157 shown in Fig. 2 will be described
below with reference to timing charts of Figs. 4A to 4J.
Fig. 4A shows the reproduced signal S,, outputted from the
1
optical head 115, wherein it is supposed that a sudden DC
level variation peculiar to the DWDD type is generated in
a portion indicated by an arrow P. The reproduced signal
S is processed in the equalizer circuit 156 for
compensation of its frequency characteristic, so that the
waveform-equalized reproduced signal S,,. of Fig. 4B is
obtained.

This reproduced signal S;,. is differentiated in the

differentiator 171, so that a signal S11‘' shown in Fig.
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that the detection signal Pps properly represents the result of detecting
the generation of the magnetic wall displacenent) hence realizing desired
reproduction of the data at a sufficiently low bit error rate. It is to be
understood that the present invention is not linmted nerely 26 Amié2eQbve
enbodi nent al one For exanple, the equalization target waveform of the
equalizer circuit 156 nmay be set to a differential one, and the equalizer
circuit 156 nay be used also as the differentiator 171 (see Fig. 2) of the
magnetic wall displacenment detection circuit 157. In order to avoid

unnecessary4powar o6@RI P! ireB O hgerenall @ rofuiN0iSAs | N TRRY segian Where
the output signal fromthe conparator 176 of the magnetic wall displ acenent

detection ckhguit J157 4.8 4" gRder %@sliQSiTv_%bll%fvetlh%m&{ﬂng}l?}gh%%tlgg

replaced with two conparators each having hysteresis.” Fig.

e Uyt bafli Bl BRSIhaIRuCE LA Leira choh NSNS, SHER ALY T o

structure i S énp onponent. parts correspondi ng to

those in Fig. re_denoted by |ike 28 24 April ,2003 reference numeral s
or synbols,gﬁﬁg 3158 2Fragn ppgnégfoﬁepﬁgﬁggfdi§léﬂﬁgtéHWHeP§.1Fn an
equalizer circuit 156', its equalization target is set to a differenti al
wavef orm t hBFBBY &EPi & R&TRhd VENE eNEde SOFEY SEPHE Y &t it ator 171 shown
in Fig. 2. Each of conparators 176a and 176b has hysteresis. A secondary
di fferenti aF*3ighae Sfgeolppitiesd Fish 4cdicrrédent iof drhelXhar supplied to
a non-inverting input termnal of the conparator 176a and then is conpared
with a zerompgperisuppliedisplerermassli afetbiengermmiuasd misglal en t he
input to the conparator 176a is IN, the input-output characteristics
thereof are such ddhehdwhféreriial gsigmabubpltowipnakesl Saovbthiened from
t he

differentiator 171 is further differentiated in the

differentiator 172, so that a secondary differential
signal S12 of Fig. 4D is obtained. In this secondary
differential signal S12, zero-crossing is induced in
synchronism with the leading edge and the trailing edge

of the reproduced signal S,,. For briefing the explanation,
it is assumed here that the process of differentiation in
each of the differentiators 171 and 172 is executed
without any delay, and therefore the delay amount

required in the differentiator 173 is zero.

The différential signal S11’ outputted from the
delay circuit 173 is supplied to the comparator 174 and
then is compared with the threshold value +V, whereby a
signal S13 of Fig. 4E turned to its high level in the
periphery of the leading edge of the reproduced signal S,

is outputted from the comparator 174. Similarly, the
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conparator 176a is supplied to an AND circuit 178. Each of the conparators
176a and 176b has hysteresis. A secondary differential signal S12 fromthe
differentiator 172 is supplied to a non-inverting input term nal of the
conparator 176b and then is conpared with a zero | evel suppl 2édprrib2d03e
non-inverting input termnal. Wen the input to the conparator 176b is IN
the i nput output characteristics thereof are such as shown in Fig. 8. An
out put signal SI5b fromthe conparator 176b is supplied to an AND circuit
177'. This AND circuit 177" is a normal one differently fromthe AND
circuit 177dinf&ignte291 s24nApr sk 12003 tuwherde fanen ithutddiswa Jiegatitve

| ogi c, because the signal S15b obtained fromthe conparator 176b need not

be inverted7Thes "agpst P=@Phigal tdi s$keappapalts ok0Q 7ShMy ivhdd G.s 1 i
equi pped with the SCSI 153 for transferring data fromor to the host

conputer. HOWRYer e t BRI ERENEnBYRBE HORah S ARRY, i GARRA) SO 41QAN appar at us

equi pped with, for exanple, an MPEG encoder/decoder instead to perform

recording agd, reprogyctien glyxhdeg 0d gudiosianals dang. gy aceor ding

to the prese invention, generation o netic wa

detected fro differential ,signal or a difference.signal, of, the

repr oduced %fbﬁ%ﬁ,tﬁﬁﬂffﬁ% ade g S?etggtggpégdSEethglﬁggﬂsshf Yhe result of
detecting the dis$I$c ment . Therefore evgg if any sggden gc | eyel
variation pRtiRyEredof TR BRBDCPYRATREOFndiced £7 Yhelr Bpr 886654PE gnal
such DC | evel variation causes substantially none of harnful influence on
the processldfeiet 82t i iygyRher Al PoRREf StAe2RBgNEETC ARaldR t& SHI9RedFent ,

hence achi eving exact detection of the magnetic_wall displacenment with high
preci si on. Conseqenttysigrabecdnestpsisfblte foligpr d@yed thereof in

the periphery of the edge of the reproduced signal S,, as
mentioned above.

The secondary differential signal S12 outputted
from the differentiator 172 is supplied to the comparator
176 and then is compared with the zero level, whereby a
signal S15 of Fig. 4G is outputted from the comparator
176. This output signal S15 falls in s%nchronism with the
leading edge of the reproduced signal S,, and rises in
synchronism with the trailing edge of the reproduced
signal S,,. Each of portions denoted by “X*” in Fig. 4G is
an indefinite area where the threshold value {zero level)
of the comparator 176 and the level of the secondary
differential signal S12 are approximately equal to each
other.

The output signal S15 of the comparator 176 is

inverted and supplied to the AND circuit 177, to which

21



the data at a sufficiently low bit error rate while ensuring a superior

operation with a systematic nmargin. 30 24 April 2003 Furt

her,

(0]

ccurrence

of sone sudden DC | evel variations can be pernmitted to a certain extent
with regard to the DWD type magneto-optical recordi ng medi udf 498003 t he
apparatus, thereby attaining contribution to inprovenent of the medi um

yield rate and also to reduction of the manufacturing cost.
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24 Apri |

2003 WHAT IS CLAIMED IS: 1. A data reproduci ng apparatus handling a
magnet o- opti cal recordi ng nmedi um whi ch consists at |east of a displacenent

|ayer, ‘a Swkhehbgp\ Y8t @190 Y XS QTR 1 o
ge (0] Iqar

menory | ayer bel ng conpo a perpendicu magneti zi ng

r%&: sai d

sai d

di spl acenent,_Layer .bei ng conposed of. anqt her .perpendi cul ar. .magnetj.zing film
whose nagne??gpééFp ?8I%c?§ﬁ§esﬁ§nﬁe‘at?b%FﬁfgﬁﬁlFePu ffan °t* ggqo%l§aid
menory | ayer _and whose magneti.c wal |l di spl aceabi is relatively greater

[it
than that of Eshi8 nBRory SiaJer ™ SHFRGRTEER fg Taydle Hat th

magneti c Iaggr whose Curie tenperature is |ower_than those of said

di spl acenen

f a

BayEPTaAHCEdi & 1BRBr Pué ayferoP teaine Hak 2P ept O AR ngl BpiphF at us

conprising: a signal reproducing neans for irradiating a |ight beam from
the side of 133 d ¥imsblarkrentheaguErsiht 818ard Fhfnefolbpt ceaparaterdi ng

medi um while noving the Iight beamrelatively to said nmedium and
di spl aci ng a7fmgresiprhdkeld whi ¢heh@diDa cgradiientl 7¢n ttee widigiiettilee r ecor di ng

mediumin the direction of notion of the |ight beam spot

output signal S14 of the comparator 175 is also supplied

as a gate signal. Therefore a pulse signal S17 of Fig. 41I

rising in synchronism with the trailing edge of

the

reproduced signal S,, is obtained from the AND circuit 178.

Subsequently, these signals S16 and S17 a

re

supplied to the OR circuit 179, which then outputs a

pulse detection signal P, of Fig. 43 rising in

synchronism with the leading and trailing edges of the

reproduced signal S,,. In this stage, as the mag

neto-

optical disk 111 is scanned by the light beam emitted

from the optical head 117, magnetic wall displacements

are generated at the temporal interval corresponding to

the spatial interval of the recorded magnetic walls 15.

The reproduced signal S,, rises in response to generation

of a displacement of the magnetic wall 15 where

the

atomic spin direction 14 (see Fig. 9A) is changed from

one to the other, or the reproduced signal S,, falls in

response to generation of a displacement of the magnetic
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and is forned in said displacenent |ayer with a tenperature distribution
havi ng a tenperature region higher than the Curie tenperature of at |east
said 32 24 April 2003 sT~.Titching | ayer, thereby obtaining a reproduced
signal which corresponds to the change on a polarization pla éﬁﬁﬁﬂibﬂﬁ
reflected light of said Iight beam a magnetic wall displacenent detection
means for detecting generation of the magnetic iaall displacenent by the
use of a difference signal thereof in the tine base direction; and a data
detection neans for detecting data by the use of the detection signal
obtai ned freaLsais wagneti eonakhr¢i spl acemanbvdet atid endanspidh A data
reproduci ng apparatus according to claim1, wherein said magnetic wall
di spl acenmeng ; det e¢bhons meanshQRL NS rods thdl & theleqld Yy esignal, a pul se
signal at the tinme of generation of the magnetic wall displacenment by the
use of a di igna h I . i ir i.gn,, and
EE&ES{}@S?E!{ ! #h& QE%QLthtE%%eH gi%rt%?c%% s%%td'&q P

di fference signa efeof In the tinme base tion. dat’a

reproduci ng_net hod hand] i ng a magnet qaptical recardin di um whi ch

consi sts atr?%ﬁgi;e%Psag%?sng gﬁeﬁ? gﬁgéarc,%lélgs%i ecﬁ}aﬁ%elmgferwaalﬂg a nenory

| ayer 33 4 Agril 2003 _fornmed in thi or%er” sai.d menory | ayer being
conposed of SASBEFPEAER Euf 5P mhffiet PRERGUFEAMS 1848d Sispl acenent | ayer bei ng
conposed of another perpendicul ar magnetizing fil mwhose magnetic wal l

rel uctance is rel &% V¥ WaITA™ tHan Y%%?f%gmsﬁfdeﬁﬁﬁnﬁﬁgPé}erlgnanﬁhose
magnetic wal | _displaceability is relatively greater than that of said
nenory | ayefudden dPSwt e¥RL nY2r &gkt OBePR§UddApoded the FWrdyrietHec Ysayer whose
Curie tenperature is |ower than those of said displacenment |ayer and said
menory | ayefaused digathereprbdoei hpdaeeked PEnprRi sitagy & fiiny Stidst di . of
irradiating a light beamfromthe side of said displacenent |ayer onto said
magnet o- opt $¢ah verbrdiey heingm ahrhé Aobehignthellivghc beamivdl atively to
said nedium and displacing a magnetic wall which has a gradient on the
magnet i ¢ r ecof Hiemge erech uth e novhpudi séghirda 8f lnoSité@nodf thiwe | i ght beam spot
and is forned in said displacenent |ayer with a tenperature distribution
having a t edpefatemeizegronlhl ghe?2t habonheaCemityt edpepataranpf at | east
said switching |layer, thereby obtaining a reproduced signal which
correspondsstddé¢hedChhegel ovanipoiani zaticed phatbéeofreplreduefldestigdalli ght of
said light beami a second step of detecting generation of the magnetic wall
di spl acenent,,34the2defpriior063ghylt Rg wserelrly diddmysnces silgnal t her eof
in the tine base direction; and a third step of detecting data by the use
of a det ectresmust gnal dawechingptesealigsegenerhti orpabduke dragaatilc Syal

di spl acenent detected at said second step. 4. A data reproduci ng net hod
accordi ng tD. €l pideBerabtsei 8f BheSAbgnsedondaitiefdisalpelesmensi.gnal is

obtai ned, as said detection signal, at the tine of generation of the
magnetic wal | di spiaagemiie Bt A uise of wheliddes eaeeest gonl ciheaeof in the
time base direction, and difference signals thereof in the tine base

direction. 85 .M AbA dedehived PePSwAY Fig. 5 shows a structural
example of the data detection circuit 159. This data
detection circuit 159 comprises four D flip-flops 181-184
and an exclusive OR circuit 185. The detection signal P,
outputted from the magnetic wall displacement detection
circuit 157 is supplied to a clock terminal of the flib-
flop 181, and an inverted output terminal Q bar of the

flip-flop 181 is connected to a data terminal D. Thus,
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the data terminal D of the flip-£flop 182, and a signal

522 synchronized by the clock signal CLK as shown in Fig.
6D 1s obtained from the output terminal Q of the flip-
flop 182. The signal S22 thus obtained is supplied to the
data terminal D of the flip-flop 183, and a signal 823
delayed correspondingly to the duration of one clock
pulse as shown in Fig. 6E is obtained from the output
terminal Q of the flip-flop 183.

The signals S22 and S23 obtained respectively from
the output terminals 0 of the flip-flops 182 and 183 are
supplied to the exclusive OR circuit 185, which then
takes an exclusive logical sum of the input signals.
Consequently, there is obtained, from the OR circuit 185,
a signal S24 which becomes 1 at the edge position while
being kept in synchronism with the clock signal CLK as
shown in Fig. 6F and becomes 0 at any other position than
the edge, whereby the NRZI waveform is converted into an
NRZ waveform. The signal 824 thus obtained is then
supplied to the data terminal D of the flip-flop 184, and
reproduced data (NRZ data) D, synchronized by the clock
signal CLK as shown in Fig. 6G is obtained from the
output terminal Q of the flip-flop 184.

Next, the operation of the magneto-optical disk

apparatus shown in Fig. 1 will be described below. 1In
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case a data write command is supplied from the host
computer to the system controller 151, a data write
(recording) mode is executed. In this case, an error
correction code is attached, in the ECC circuilt 154, to
the write data received from the host computer via the
SCSI 153 and stored in the data buffer 152, and then the
data are converted into RLL modulated bits or NRZI data
in the data modulator 155. Subsequently, record data D,
in the form of NRZI data are supplied from the data
modulator 155 to the magnetic head driver 116, and the
data D, are recorded in the data area at a target position
on the magneto-optical disk 11.

In case a data read command is supplied from the
host computer to the system controller 151, a data read
(reproducing) mode is executed. In this case, a
reproduced signal S,, is obtained from the data area at a
target position on the magneto-optical disk 111. The
reproduced signal S,, is processed in the equalizer
circuit 156 for compensation of its frequency
characteristic, and then a reproduced signal S,,. after
such compensation is supplied to the magnetic wall
displacement detection circuit 157. Subsequently, a
detection signal P,, obtained from the detection circuit

157 to represent generation of a magnetic wall
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displacement is supplied to the PLL circuit 158 and the
data detection circuit 159.

In the PLL circuit 158, a clock signal CLK
synchronized with the leading edge of the detection
signal P,, is reproduced. Meanwhile in the data detection
circuit 159, reproduced data (NRZ data) D, are obtained
from the detection signal P, by the use of the clock
signal CLK reproduced in the PLL circuit 158. The
reproduced data D, are demodulated in the data demodulator
160 and then are corrected in the ECC circuit 154,
whereby read data are obtained. Subsequently the read
data are once stored in the data buffer 152, and
thereafter are transmitted at predetermined timing to the
host computer via the SCSI 153.

In this embodiment, as described above, generation
of the magnetic wall displacement is detected from the
reproduced signal S,, by the magnetic wall displacement
detection circuit 157, and detection of the data is
performed in the data detection circuit 159 by the use of
the detection signal P,, to obtain reproduced data D,. In
this case, generation of the magnetic wall displacement
is detected in the magnetic wall displacement detection
circuit 157 by using the differential signal of the

reproduced signal S,, or the difference signal thereof in
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isplacement, hence realizing desired reproduction of the
data at a sufficiently low bit error rate.

It is to be understood that the present invention
is not limited merely to the above embodiment alone. For
example, the equalization target waveform of the
equalizer circuit 156 may be set to a differential one,
and ﬁhe equalizer circuit 156 may be used also as the
differentiator 171 (see Fig. 2) of the magnetic wall
displacement detection circuit 157.

In order to avoid unnecessary power consumption or
generation of noise in any region where the output signal
from the comparator 176 of the magnetic wall displacement
detection circuit 157 is rendered unstable, the
comparator 176 may be replaced with two comparators each
having hysteresis. Fig. 7 shows a magnetic wall
displacement detection circuit 157’ where such a modified
structure is employed. In Fig. 7, any component parts

corresponding to those in Fig. 2 are denoted by like
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hysteresis. A secondary differential signal 512 outputted

from a differentiator 172 1s supplied to a non-inverting

input terminal of the comparator 176a and then is

compared with a zero level supplied to the non-inverting

input terminal. When the input to the comparator 176a is

IN', the input-output characteristics thereof are such as

shown in Fig. 8. An output signal S15a obtained from the

comparator 176a is supplied to an AND circuit 178.

Each of the comparators 176a and 176b has

hysteresis. A secondary differential signal S12 from the

differentiator 172 is supplied to a non-inverting input

terminal of the comparator 176b and then is compared with

a zero level supplied to the non-inverting input terminal.

When the input to the comparator 176b is IN°, the input-

output characteristics thereof are such as shown in Fig.

8. An output signal S815b from the comparator 176b is

supplied to an AND circuit 177'. This AND circuit 177’ is

a normal one differently from the AND circuit 177 in Fig.
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10%4| & () - 103 e&'aDi-cl0%H & (Magtld%l &{): dDR lacement is detected
from a differential signal or a difference signal of the
reproduced signal, and the data are detected on the basis
of the result of detecting the displacement. Therefore,
even if any sudden DC level variation peculiar to the
DWDD type is induced in the reproduced signal, such DC
level variation causes substantially none of harmful
influence on the process of detecting generation of the
magnetic wall displacement, hence achieving exact
detection of the magnetic wall displacement with high
precision. Consequently, it becoﬁés possible to reproduce

the data at a sufficiently low bit error rate while

ensuring a superior operation with a systematic margin.
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U&I()_nnn60&POQCE¥P6¥§%@ﬁ£H@ layer, a switching layer and a memory

layer formed in this order, said memory layer being
composed of a perpendicular magnetizing film, said
displacement laver being composed of anocther
perpendicular magnetizing film whose magnetic wall
reluctance is relatively smaller than that of said memory
iayer and whose magnetic wall displaceability is
relatively greater than that of said memory layer, said
switching laver being composed of a magnetic laver whose
Curie temperature is lower than those of said
displacement layer and said memory laver; said data
reproducing apparatus comprising:

a signal reproducing means for irradiating a light
beam from the side of said displacement layer onto said
magneto-optical recording medium while moving the light
beam relatively to said medium, and displacing a magnetic
wall which has a gradient on the magnetic recording
medium in the direction of motion of the light beam spot
and is formed in said displacement layer with a )

temperature distribution having a temperature region

higher than the Curie temperature of at least said
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direction; and

a data detection means for detecting data by the
use of the detection signal obtained from said magnetic wall
displacement detection means.

2. A data reproducing apparatus according to claim
1, wherein said magnetic wall displacement detection means
obtains, as said detection signal, a pulse signal at the time
of generation of the magnetic wall displacement by the use of
a difference signal thereof in the time base direction, and
difference signals thereof in the time base direction.

3. A data reproducing method handling a magneto-
optical recording medium which consists at least of a

displacement layer, a switching layer and a memory layer
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layer and said memory layer; said data reproducing method
comprising:
a first step of irradiating a light beam from the
side of said displacement layer onto said magneto-optical
recording medium while moving the 1light beam relatively to
said medium, and displacing a magnetic wall which has a
gradient on the magnetic recording medium in the direction of
motion of the light beam spot and 1is formed in said
displacement layer with a temperature distribution having a
temperature region higher than the Curie temperature of at
least said switching layer, thereby obtaining a reproduced
signal which corresponds to the change on a polarization
plane of the reflected light of said light beam;

a second step of detecting generation of the

magnetic wall displacement
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wherein, at said secon , a pulse signal 1is obtained,

said detection signal, at the time of generation of the
magnetic wall displacement by the use of a difference signal
thereof in the time base direction, and difference signals

thereof in the time base direction.
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